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Fruit Juice Concentration 
by the Freezing Centrifuge Method 
INTRODUCTION 
The concentration of juices by freezing some of 
the water into ice and draining the unfrozen portion has 
been known for generations. Jones, Edson and Morse (1903) 
have reported that the Indians made thick maple syrup by 
repeated freezing of the sap. They also reported that 
Shaw found the freezing-draining method was not economical 
when used on maple sap, because so much sugar was lost. 
Gore (1914) reported a large scale method of cider concen¬ 
tration by freezing into commercial ice cakes, grinding 
the cakes, and separating the solution containing the 
soluble solids from the frozen water by centrifugal force. 
For this work, he used a large expensive sugar centrifuge. 
With the low demand for juice at that time and the high 
prices for fruit following the World V/ar, there was little 
interest in cider concentration and this recommendation 
v/as not used commercially. Later, Irish (1925) reported 
that various juices concentrated by this method were of 
better quality when diluted to former strength, and seemed 
-2 
more like fresh juice, than did any of the juices concen¬ 
trated by other known methods. He also reported that 
« 
bubbling air into a slowly freezing solution separates, 
to some extent, the Ice from the liquid, but that it is 
difficult to filter dirt efficiently from the large quan¬ 
tity of air. Brown and Foulk (1939) reported that cider 
concentrated by the freezing centrifuging method, when 
diluted, was as good as when frozen and not concentrated. 
A practice followed in Italy (Tressler, Joseyn, Marsh, 
1939) uses a freezing-draining process in which the con¬ 
centrate is drained from the ice. It is rather wasteful 
of material. Mottern (1937) reported that concentration 
by freezing offers very promising results and the apparent 
difficulty with this process lies in the fact that no com¬ 
mercial equipment has been developed to carry it out ef¬ 
ficiently. Morris (1937) has summarized the work on 
concentration of fruit juices by freezing, mentioning a 
patent by a Dr. Krause of Germany. The patent applies to 
a method of freezing in special containers before centri¬ 
fuging. The containers are one vessel within another with 
the inside and outside surfaces refrigerated. The ice be¬ 
tween is ring shaped. Vessel sides slope and it is claimed 
that the ice crystals grow horizontally. Other patents 
have been issued for special freezing apparatus designed 
-3- 
to separate the frozen water from the concentrated solu¬ 
tion which may some day find a place if a large commercial 
industry develops#. Information to 1939, regarding methods 
recommended for the concentration of fruit juices, has 
been summarized by Tressler, Joslyn, Marsh (1939). 
The general public is not acquainted with fruit 
fruice concentrated by the freezing process and probably 
Y 
will become acquainted only if small activities start, 
prove to be practical, and develop Into large Industi'ies# 
This seemed to call for a study to determine whether a 
process could be developed that might be satisfactory for 
concentrating fruit juices in the laboratory and at cold 
storage lockers in fruit growing regions. Also, it seemed 
desirable to make a study of the adaptabilities of the 
juices of important fruits for such a process# 
PROBLEM OUTLINE 
In order to develop a method and machinery for 
concentrating small quantities and to test the adaptabil¬ 
ities of the various fruit juices for freezing, the problem 
was attacked in the following order? 
I# A study was made of ice crystal formation 
in solutions# 
-4- 
II* Equipment was selected and arranged so as 
to regulate to some degree the formation of 
ice crystals. 
Ill* A centrifuge was designed that would separate 
the liquid from the ice without first grind¬ 
ing the ice cake or even removing it from the 
container in %?hich it was frozen* 
IV* A test was run on some form of several kinds 
of fruit juices to determine their adapta¬ 
bility for such a method* 
V. A few comparative notes were taken on some 
varieties of several fruits to determine if 
the characteristics of the variety concen¬ 
trated may resemble those of other varieties 
of the same fruit. 
FREEZING PROCESS 
Changes in a Freezing Solution 
The freezing of a sap, juice, or dilute sugar solu- 
\ 
tion shows definite characteristics that should be summar¬ 
ized here even though the principles are detailed in most 
physics text books. Water freezes at 32° F* or 0° C. 
When soluble solids, as sugar, etc*, are added to water 
the freezing point is lowered as the concentration in¬ 
creases. With a given solution this principle is applica¬ 
ble in the following order. At a certain temperature of 
the liquid a definite amount of the water freezes into 
ice and the remainder of the water retains the soluble 
solids to make a more concentrated solution. If the 
temperature of the material is lowered, more of the water 
changes into ice and the concentration of the soluble 
solids in the remaining liquid is increased. This con¬ 
tinues until the liquid becomes so concentrated that 
some soluble solid in the solution has reached saturation 
for the existing temperature. After that, increased cool¬ 
ing will cause crystallization of both the water and the 
soluble solid that was concentrated to saturation. Other 
soluble solids that have not reached saturation may still 
be concentrated. Colloids in the system may, with the 
increased concentration and cooling, change from a sol 
to a gel. The composition of the solution determines 
the relative amounts of crystal and gel formations. 
In the process used In this study the insoluble 
solids, as fruit pulp and seeds, that were in the region 
of ice formation, usually became entrapped by ice crystals. 
A separation of ice and solution usually placed most of 
this material with the ice. 
-6— 
Since the entire principle of the concentration of 
juices by freezing is based on the separation of water in 
the form of ice, a study of ice crystal formation should 
enable the user to influence ice development and the effi¬ 
ciency of separation from the concentrated solution* The 
knowledge of the size, shape, and direction of crystal 
aggregates, and the factors affecting their characteristics 
are therefore summarized* 
Ice Crystal Pattern 
The formation of ice crystal aggregates in a solu¬ 
tion may vary in shape, size, location, and direction* The 
shape of an ice crystal when formed in water is hexagonal* 
It was noted that as aggregates grew in sugar solutions with 
slow freezing, they became several times longer than wide 
and several times wider than thick* The resulting appearance 
depended on the amount of ice and liquid present* The first 
formed ice often appeared to be almost cakelike and the later 
formed ice, which developed in a solution higher in soluble 
solids than the first, was sheetlike in shape. The shape and 
arrangement of some ice crystals may be seen in Figures 1 and 
The size of the ice crystal aggregates is affected 
by the rate of development, a slow rate causing large size. 
Figure 1* Ice left in pan after removal of the con¬ 
centrated 5nice by centrifugal force* Koto siso, shape, 
location and arrangement of ice crystal aggregates# 
—8— 
Figure 2. Radial view of block of ice similar to that 
shown in Figure I 
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It is also affected by concentration of the solution, a low 
percentage of water causing small size. The rate of freez¬ 
ing is determined by several factors: (l) temperature of 
the refrigerating medium, (2) kind of medium, air being a 
slow conductor of heat, (3) amount of solution per unit of 
exposed surface which is affected by size and shape of con¬ 
tainer, (4) depth of ice formation or amount of other in¬ 
sulation, and (5) concentration of solution. The presence 
of soluble solids lowers the freezing point and thereby 
diminishes the rate of freezing at any given temperature. 
It also diminishes the amount of water available for freez¬ 
ing which is more important and the final result is smaller 
crystals than would be obtained in a less concentrated sol¬ 
ution. 
The location and direction of ice crystal formation 
in a sugar or fruit juice solution is regulated by (l) the 
density of the solution at different temperatures, (2) the 
amount of exposure of the solution to the refrigerant or 
cooling agent which is affected by the container size and 
shape, and (3) the concentration of soluble solids in the 
unfrozen portion. The density of a sugar solution is greater 
than water, making the specific gravity difference between 
this solution and ice even greater than between water and 
ice. The first ice that forms is at the top surface of a 
-10. 
solution. If cooling is equal on all surfaces. The first 
crystals run horizontally, and the aggregates formed later 
develop away from the source of cooling. 
In this study when a metal container was used, the 
ice on the top surface soon became thick enough to furnish 
more insulation than the sides of the container after which 
ice formed on the side surfaces also. These surfaces were 
larger than may be realized as shown by the fact that a con- 
* 
tainer 6 inches high and 6 inches in diameter has four times 
as much side surface as top surface. Since it is no farther 
from the ends of such a can to the center than it is from 
the sides, the sides furnish twice as much cooling surface 
as the ends. The bottom usually rested on a base that gave 
some degree of Insulation making the sides more than twice 
as effective as the ends. Some ice often forms on the bot¬ 
tom of a container; but, even without insulation, the amount 
is usually less than from the top because of density differ¬ 
ences. 
The direction of ice crystal formation was from the 
cooling surface toward the center and from the less dense 
or less concentrated portion toward the more concentrated. 
This arranged the aggregates or sheets forming from the sides 
to point toward the center. When a solution was frozen in a 
No. 10 can or similar container the unfrozen spaces became 
-11. 
narrower as the crystals approached the center. At the 
same time the liquid became more concentrated. It was 
thought that the distances between ice sheets might be 
maintained by the failure of some to continue to develop, 
and that the established system would continue. But it 
was found that the first established pattern stopped and 
« 
a new system started. Therefore the use of such a con¬ 
tainer did not form an ice block that seemed efficient for 
removal of the concentrate. Also, the Ice forming at the 
basal edge of the can curved inward. This curve trapped 
the concentrate and it was therefore necessary to select 
a container that would eliminate this difficulty. 
Effect of Container Size and Shape 
on Freezing of the Contents 
The volumes of containers of any given shape but of 
different sizes vary at more rapid rates than the surfaces. 
This furnishes one method of regulating rate of freezing and 
sizes of the ice sheets. An increase in volume decreases the 
amount of surface exposed per unit of volume, retards the 
rate of freezing and increases crystal size, and vice versa. 
The shapes of containers of one volume affect pro¬ 
foundly the amount of surface per unit volume and therefore 
the rate of freezing and ice crystal size. The shape also 
affects the direction of ice formation and ease of removal 
of the unfrozen concentrate. No size or shape of container 
-12' 
tested gave satisfactory separation of concentrate from the 
ice hy drainage alone. Therefore, it seemed necessary to 
use a centrifuge to make the separation more efficient. The 
container shape that would permit efficient separation with 
the use of a centrifuge was therefore the one needed. The 
type of container needed was one that would (l) separate the 
two materials as efficiently as possible, (2) not trap the 
concentrate in a curve of ice, and (3) be of such shape that 
the ice could be removed after the liquid was extracted. 
Comparison of Containers and Manipulations 
in Regulating the Freezing Process 
Two containers were tested as receptacles for the 
liquid during the freezing process. One was an ordinary 
can with parallel sides and the other was a bucket larger 
at the top than at the bottom. The bucket had the advan¬ 
tage of perroitting the removal of the ice cake whereas in 
the tin can the bulge of the expanding ice made removal dif¬ 
ficult. The arrangement of ice and location of concentrate 
was unsatisfactory in both cases. There was some ice forma¬ 
tion over the bottom of both containers. This led to the 
conclusion that a more efficient container would probably 
be one meeting the following specifications: (l) larger 
area at the bottom than at the top, (2) the bottom insulated 
-13- 
to prevent freezing from this direction, and (3) the bottom 
removable so that drainage could be obtained from this end. 
In order to test these specifications the pans,hold¬ 
ing the following liquid-filled containers were set on a 
cork board slab 2 inches thick: (l) inverted Ho. 10 can, 
(2) inverted cone, (3) inverted pan with sloping sides. 
Sawdust was found to be a satisfactory substitute for cork, 
but more messy. The unfrozen concentrate in the inverted 
No. 10 can with insulation at the bottom extended to the 
bottom of the mass instead of being just above an ice surface. 
The insulation also prevented an inward curve of ice at the 
base that would be objectionable to drainage, especially 
when hastened by the use of centrifugal force as will be 
discussed later. 
Examination of the ice from these containers showed 
that the unfrozen portion of the Ho. 10 can was a core ex¬ 
tending through most of the can length. The inverted cone 
with 12 inch sides and 12 inch bottom diameter showed (Fig¬ 
ure 3) what appeared to be the result of too rapid freezing 
at the top and, to less extent, at the edge around the bot¬ 
tom. The crystal formation was vertical or inclined. A 
cone shaped container was found to be a better liquid recep¬ 
tacle than a parallel sided can. A slope of 60° was too 
acute and the area near the apex of the cone may as well be 
Figure 3. Water frozen in a cone showing planes running 
from the surface toward the axis of the ice block. Note 
white ice at the top where early and rapid freezing occurred. 
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omitted because freezing was too rapid* Next, a container 
was made that was a frustrum of a cone with a 9 inch bottom, 
9 inch sides, and 4| inch top. Results indicated that this 
type of container was satisfactory but sides of less than 
9 inches were permissible. This led to the selection of the 
pudding pan as a container. The pan had the added advantage 
of being readily available at a relatively low cost. 
SEPARATING PROCESS 
Removal of the Concentrate from the Ice 
Some of the concentrate could be removed from the 
ice by drainage. The efficiency of this method when used 
alone was too low to be practical. When cider was frozen 
in an ordinary ice can only about one-third of the soluble 
solids could be recovered by draining. It was because of 
this low efficiency that Gore (1914) recommended the grind¬ 
ing and centrifuging process with a sugar centrifuge. Yfaen 
the ice formation was regulated by freezing slowly in a 
container shaped like a frustum of a cone, the efficiency 
of drainage was increased from one-third to one-half. This 
improvement was not enough so centrifugal force still had 
to be used to reduce loss. The part played by centrifugal 
force in this work was to reduce the effects of the adhesion 
of the liquid to the ice crystals. 
-16- 
Arrangement of Containers for Centrifuging 
HVhen the juice was frozen, as describe above, the 
best arrangement for the juice and container in the centri¬ 
fuge seemed to be with the top of the pan which was down 
during the freezing process to be pointed outward in the 
centrifuge. In order to get the centrifuge balanced, the 
pans and contents would have to be the same weight and 
frozen in equal amounts. If the centrifuge was not loaded 
evenly a heavy strain would be placed on the machine. This 
could probably be made to balance accurately enough in an 
expensive centrifuge with six compartments so that there 
would be a balance with 2, 3, A> or 6 lots and any number 
could be completed. However, since this study was for small 
scale operation, low cost was one object. 
The arrangement chosen was one that would whirl one 
pan at a time in the same position that it was frozen. The 
pan was so placed on the machine that the axis line for 
spinning ran vertically through the center of the pan. Tfftiile 
this arrangement exerted no centrifugal force on the liquid 
at the center of the pan, the centrifuge did give satisfactory 
results. It was necessary to raise the pan slightly so that 
efficient drainage would take place with thick syrups. This 
arrangement placed the pan and ice in a less satisfactory 
-17- 
position than in a standard Babcock type centrifuge and may 
have required more force than the other arrangement, but 
balance could be more accurately maintained and the speed 
could be more safely increased. One other advantage to 
partially offset this was that freezing could be done in 
larger containers for the same amount of juice. These 
would freeze more slowly and produce larger crystals which 
are more easily removed. 
The Centrifuge 
Figure 4 shows the centrifuge used. It consisted 
of a square angle iron frame supporting a vertical shaft 
to which was attached a circular plate at the top. The 
shaft and plate were driven by a 3/4 horse power motor. 
The pan containing frozen juice was fastened to the 
plate by bolts at equal distances from the center and equal 
distances apart. These were so spaced that they came just 
outside of the pan rim. On each bolt was placed a large 
aluminum washer that held the pan about 3/32 inch off the 
t 
plate. Another washer was added v/hich was large enough to 
fit over the rim and against the side of the pan, and a 
winged nut held washers and pan solid. The hood enclosing 
the pan rested on, and inside the rim of, a stationary founda¬ 
tion which carried the drain into a pan on the floor. This 
centrifuge met the essential requirements for either a labor- 
-18- 
Figure 4* Tk© centrifuge with pan attached in whirling 
position. The large container at the back is the hood for 
the centrifuge. Another view of a pan used for freezing 
and whirling may be seen on the floor 'under the drain. 
-19- 
atory or small commercial machine. However, for commercial 
use several improvements could be made. 
The necessary speed and time required to drain each 
pan varied with the contents and freezing treatment. An 
increase in speed decreased the time required and vice versa. 
With the recommended freezing conditions in a 10 inch pan, 
1400 r.p.m. for 3 to 5 minutes was usually ample treatment. 
Figure 5 shows a pan of frozen juice before centri¬ 
fuging and another pan Yrilth ice remaining after the treatment. 
Figure 6 shows some raspberry pulp that had been wrapped in 
cheesecloth and whirled, indicating that this machine could 
be used as a substitute for a fruit press to extract most 
of the juice from some kinds of pulp. It was also found that 
this machine efficiently and rapidly separated the cooked 
pulp from the seeds of plums and peaches when a number of 
3/8 inch holes were drilled in the sides of a pan. Fruits 
with smaller seeds that required much smaller holes, such 
as grapes, could not be efficiently pitted. It seemed that 
further work should be done along this line for pitting cooked 
plums, primes, peaches, and apricots where pulping is not ob¬ 
jectionable. 
SUMARY OF GENERAL CONCENTRATING PROCESS 
Two and four quart aluminum pudding pans were used 
as containers. Each pan was set level, filled, covered by 
-20- 
Figure 5. Left: Pan of frozen juice. 
Right: Similar pan after concentrate has been 
removed by centrifuging. 
Figure 6. Raspberry pulp left after draining in pan 
lined with cheesecloth under centrifugal force* 
-21- 
inverting a larger pan over it, then the entire ensemble 
was inverted by a rapid upward swinging movement# 
The freezing temperature used in most of this work 
was 18 to 20° F. It was found that too much freezing, in 
this case accomplished by increased length of exposure, gave 
an ice block that could not be efficiently drained. The 
most advantageous procedure with many juices was to freeze 
about half of the solution into ice, then remove the con¬ 
centrate by centrifuging. The freezing time for the four 
quart pans at this temperature was about hours. This 
gave a porous block of ice from which most of the concen¬ 
trate could be extracted. When the solution was not too 
viscous to be concentrated further, the process was repeated. 
If the viscosity was too high for that much concentrating, 
less freezing was advisable. Most all the juices studies 
were concentrated to their limit and usually more than was 
practicable. 
JUICES 
Methods of Testing 
* 
In this study 8 ounce samples of the fruit juices, 
before and after concentration, were processed at 180° F. 
for 20 minutes, then later tested at one time and compared 
-22- 
with respect to (l) soluble solids, (2) acid content, and 
(3) viscosity at the time of separation (Table 1). Hydro¬ 
meter readings of the above materials and melted ice lots 
were made with a Balling or Brix hydrometer and these tests 
were used to calculate losses of soluble solids (Tables 2, 
3 and 4). 
Soluble Solids - The refractometer was used to de¬ 
termine the approximate total percentage of soluble solids 
in the various fruit juices, except during the concentrating 
process when the Brix or Balling hydrometer was used. In 
both cases temperature corrections were made to standardize 
the readings# 
Acid Content - The acidity of the juices was deter¬ 
mined and expressed as the pH and the ml. of one-tenth normal 
NaOH necessary to neutralize the acid present. The amount 
of one-tenth normal NaOH used was not converted to percent 
acidity because the types of acids vary in fruits. The pH 
readings were taken with a Beckman glass electrode machine# 
The measurement of total acidity was first attempted by ti¬ 
trating 3 ml* of juice and 50 ml. distilled water with one- 
tenth normal NaOH solution using phenolphthalein as indicator. 
The strawberry varieties were measured on this basis. However 
most fruit juices contained too much pigment which, if it was 
not a masking color to start with, changed color with the addi 
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TABLE 2 - Rubel Blueberry Juice Concentration Data, 
Concentra¬ 
tion 
Soluble solids 
of concentrate 
Soluble solids 
of ice 
Soluble solids 
loss 
percent* lbs. percent* lbs. percent* 
Before 9.2 2.30 
First 18.5 1.85 3.3 0.48 20.6 
Second 21*2 1.01 11*9 0.57 36.1 
Total • 49.3 
^Hydrometer readings. 
i; « 
V 
TABLE 3 - Pectinol Treated Hubei Blueberry Juice Concentra¬ 
tion Data. 
Concentra¬ 
tion 
Soluble solids 
of concentrate 
Soluble solids 
of ice 
Soluble solids 
loss 
percent* lbs. percent* lbs. percent* 
Before 9*2 1.53 
First 28.6 1.57 0.0 0.00 0.0 
Second 46.0 1.38 5.0 0.10 6.8 
Total 6.8 
■^Hydrometer readings 
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tion of the NaOH before the phenolphthalein indicator show¬ 
ed the change. A different procedure was required and the 
one selected was to titrate to a pH of 7 as determined by 
the use of a ^uinhydrone electrode. This method was slow 
but gave consistent results. 
The buffer system of the different juices, as shown 
by the rate of pH change, was interesting but there was not 
time to do more than note its presence. 
Viscosity - The time in seconds required for J*6,6 
ml. juice at 6S° to 71° F. to flow from a 50 ml. pipette 
was used as the viscosity measure. The last 3*4 ml. space 
was not used because the rate of flow decreased so much for 
this volume. A duplicate reading was usually less than one 
per cent different from the JFirst. 
Effects of Various Juice Properties on Concen¬ 
trating Efficiency 
The kinds and proportions of soluble solids in fruits 
are affected by (l) the kind of fruit, (2) the variety, and 
(3) the maturity. Still other factors affect the composi¬ 
tion of fruit juices. Some types of soluble solids affected 
the concentrating process more than others. This problem 
was found to be more important than had been expected. Con¬ 
centration increased viscosity, soluble solids, and acid 
wi 
-26- 
percentages, Viscosity was increased at a different rate 
than the other two factors (Table 1)• Juices high in pec- 
tinous materials, as blueberry and cooked apples, showed a 
more rapid increase of viscosity than of the other factors. 
Cold increased the viscosity and decreased the solubility 
of many substances. While either factor may limit the 
amount of concentrating that can be done, viscosity was 
usually the limiting factor with cooked fruit juices, 
Pectinol was used to destroy the pectin in blueberry 
juice and to decrease the viscosity enough so that concen¬ 
tration could be carried much further and more efficiently 
than without this treatment. Tables 2 and 3 show this var¬ 
iation. 
The cooking of some juices, while necessary for 
special uses, liberated enough pectin to increase the vis¬ 
cosity sufficiently to make intensive concentrating ineffi¬ 
cient. Table 4 shows the results of concentrating on the 
soluble solids content and viscosity of several kinds of 
juices. A comparison of grape juice and grape jelly stock 
gave one outstanding example. Grape juice with 11.1 per cent 
soluble solids and viscosity of 36 was concentrated to 41 
per cent soluble solids and viscosity of 77 by two steps 
with a loss of 22 per cent of the soluble solids. The grape 
jelly stock with 9,7 per cent soluble solids and a viscosity 
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of 39 was concentrated to only 33.7 per cent soluble solids# 
This raised its viscosity to 288 and caused a loss of 34 
per cent of the soluble solids# Another example is the 
blueberry juice discussed earlier# This table indicates 
that viscosity, number of concentrations given, and the 
soluble solids content, in the order given, affected effi¬ 
ciency with respect to loss of soluble solids# 
PROPERTIES OF JUICES FROM VARIOUS FRUITS 
Annie 
Sweet apple cider is the only juice that has been 
widely recommended for concentration by freezing and cen¬ 
trifuging. It can be readily concentrated to one-fourth 
its original volume. When diluted the quality has been 
widely acclaimed to be as good as the original cider. The 
l 4 4 c •( < I 
concentrate also has a place in strengthening weakly fla¬ 
vored juices. It has been found satisfactory by the author, 
but at this time was not studied as extensively as some 
other juices# 
The concentration of apple jelly stock by this me- 
thos was tried# Crimson Beauty was used and it was found 
that the excess water which had been added in cooking could 
be removed. When the total soluble solids of the unfrozen 
material was more than 13 to 15 per cent, the pectin in- 
-29- 
creased the viscosity so much that the ice could not be 
efficiently separated as shown in Table 4. However, this 
much concentration was sufficient to form a jell when sugar 
was added. This jelly was made without the application of 
heat. The concentrate added enough pectin and acid to 
other juices when mixed 1 to 1 to make jelly. Other seasons, 
other maturities, and other varieties may affect results so 
that further studies would be needed if this method of con¬ 
centration is to be widely recommended. 
Apple pectin stock made from pomace of mixed apples 
was concentrated to a higher viscosity although the total 
soluble solids was less. 
Blueberry 
The juice of the Hubei blueberry was used for the 
concentration tests. To obtain the juice with blue pigment, 
heat extraction was necessary. The concentration of blue¬ 
berry juice was inefficient unless previously treated with 
pectinol to destroy the pectin. The quality of the juice 
is delicate, mild and pleasing* Concentrating did not in¬ 
jure the flavor. The flavor of the juice which had been 
treated with peqtinol was increased when concentrated to 
one-sixth volume. 
Since fruit varieties vary in several characteris- 
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tics, a comparison was mad© of the amount of soluble solids, 
the acidity and the color of unconcentrated juices of five 
blueberry varieties (Table 5)• An attempt was also made to 
test viscosity of these juices but the sediment plugged the 
pipette. All were quite viscous* These juices were found 
to vary markedly in the tested characteristics. Therefore, 
the results with the Hubei concentration tests may be loss 
applicable to other varieties than one might expect. 
TABLE 5. - Variety Comparison of Blueberry Juices. 
Variety Soluble 
solids 
Acidity Color 
per 
cent pH 
m.1.0.in 
NaOH 
Concord 13.9 2.80 26.2 Very dark blue vfith red 
Jersey IX.6 2.87 24.6 Dark blue. 
Pioneer 12.9 ‘ 3.09 17.5 Dark blue-red 
Rubel 12.2 2.95 19.5 Very dark red 
Wareham 13.6 2.82 19.8 Very dark blue with red 
Cherry 
Sour cherries, Montmorency and English Morello, were 
used. To obtain the juice these fruits were cooked with 
enough v/ater to prevent scorching, and drained. Then the 
pulp was cooked with its weight of water and again drained 
-31- 
with slight pressure so that the seeds ?rere not broken. 
Cooking was necessary to get the red color from the Mont¬ 
morency variety and greatly increased the color of the 
English Morello juice* 
The concentration of these juices was rather in¬ 
efficient. However, these juices were two of the earlier 
juices concentrated and procedures developed later undoubt¬ 
edly would have been efficient for concentrating to one- 
half or one-third of the original volume. Since the fruit 
was gone more juice could not be obtained. 
The qualities of these juices were good. The Mont¬ 
morency was medium red in color. When mixed in punch it was 
satisfactory but when carbonated it gave a definitely un¬ 
desirable flavor. Further study of this condition would 
be interesting and may have commercial importance. English 
Morello gave a darker, more acid juice. 
Cranberry 
Cranberry juice was obtained from fruit that had 
been frozen for some time and thawed almost completely just 
before pressing. Also, the pulp was cooked with water and 
drained. The uncooked juice had a low viscosity and twice 
as much soluble solids as the liquid from the cooked pulp. 
The uncooked juice was efficiently concentrated to 
one-half to one-third its original volume. However, upon 
-32- 
fur ther concentration, the total acidity was 5 times the 
original strength and the soluble solids were 4, times the 
original percentage. A part of the soluble solids was 
recovered from the ice# 
Cranberry juice has a brilliant red color and is 
used as a beverage with the addition of water and sugar 
and in mixed fruit juices. The concentrated juice kept 
for months in an unsealed container at temperatures no 
lower than 60° F. The flavor was slightly different than 
fresh juice but fully as good v/hen diluted. 
Currants 
The currant juice was extracted by the method in 
practice for obtaining juice for jellies. Two varieties. 
Perfection and Wilder, v/ere compared by one sample test 
♦ 
of each. These tests showed (Table 6) that Wilder had 
a lower soluble solids content, a higher acid content, 
and a lighter color than Perfection. The Wilder fruits 
may have been picked at a greener stage than Perfection# 
While it was supposed that the differences in these juices 
may have been due more to maturity than variety, only fur¬ 
ther tests will determine if such is the case. 
The ?/ilder variety was concentrated. Tests showed 
it to have a high viscosity before concentrating which would 
he expected since it is known to have a high pectin content 
-33- 
and sometimes has a high starch content. It was not possi 
hie to concentrate this juice to one-half volume without 
the loss of so much soluble solids as to he inefficient. 
TABLE 6. - Variety Comparison of Currant Juices 
Variety 
Soluble 
solids Acidity Color 
per 
cent pH 
ml•o.IN 
HaOH 
Perfection 12.5 3.14 42.4 Bluish red 
Wilder 10*2 3.00 44*1 Light red 
Elderberry 
The juices of two cultivated varieties of elderberry 
of unknown name or origin were heat extracted. One variety 
had a small berry with the stems of the cluster showing 
some red pigment. The juice was dark reddish purple in 
color with higher soluble solids and acid content than the 
other (Table 7). The other variety had a much larger berry 
and the stems of the clusters were green. The juice was 
dark purple without a red tinge. The flavors of the two 
juices were Indescribable but very different from one an¬ 
other. The viscosities of both were low. 
The two juices were mixed and concentrated to one- 
foorth the original volume with relatively little loss of 
-34- 
soluble solids* The quality of the diluted concentrate 
was no lower than that of the unconcentrated juices* The 
color was strong enough in small quantities to mask many 
other colors. It was an attractive, characteristic and 
unusual color* 
TABLE 7. - Variety Comparison of Elderberry Juices 
Variety 
Viscosity 
temp. 
Soluble 
solids Acidity Color 
oy sec¬ 
onds 
per 
cent 
pH ml.O.lH 
NaOH 
Red stem 
small berry 71 36 14*3 4*20 12.2 Dark reddish purple 
Green stem 
large berry 71 36 9.8 4.67 7.2 Dark purple 
Grape 
Concord grape juice was extracted by heating the 
fruit to 160 to 170° F. for a few minutes, then pressing 
with a hand cider press according to the procedure recom¬ 
mended by Chenoweth (1930) • The pulp was then boiled ?rith 
water and pressed to obtain grape jelly stock. 
The freezing of both of these gave potassium bitar¬ 
trate crystals showing that the freezing treatment was a 
rapid method of removing this material so bothersome in the 
-35 
grape juice and jelly industries* 
The qualities of the concentrated juice and jelly 
stock were not injured* The amount of concentrating that 
could be efficiently done was to about one-half or one- 
third volume* The juice was better adapted for this treat¬ 
ment than the more viscous jelly stock (Table 4)* 
Peach 
Peach juice was obtained by cooking and draining* 
The amount of red color was dependent on the red pigment 
in the skin and, in a few instances, in the fruit* This 
pigment could not be extracted into the juice without heat¬ 
ing* The juice obtained was quite viscous and could not 
be efficiently concentrated to more than half the original 
volume* Concentration by the freezing process did not 
injure quality. The varieties tested. Sunbeam and Radiant, 
did not give an outstanding, high quality product* This 
juice was not adapted for use alone but seemed to be val¬ 
uable for mixing with other juices. 
Plum 
Plums and plum juices vary more widely than most 
fruits in such characteristics as color, flavor, viscosity 
and acidity. Juices of Yellow Egg, Santa Rosa, a Stark 
seedling, Albion and Burbank plums were extracted with heat 
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(Table 8). The qualities of these juices when used alone 
were good to poor with none in the excellent class. 
Burbank and Albion juices were concentre;ted. The 
amount of concentration that could be accomplished with plum 
Juice was limited by the high viscosity. However, the fla¬ 
vor of many varieties is so strong that dilution of the 
straight juice is desirable. Juices of some varieties are 
adapted for mixing with apple juice in jelly manufacture. 
Many have low enough viscosity to concentrate to one-half 
volume and some may be efficiently concentrated to one-third. 
Further study on this low cost juice is needed. 
TABLE &» - Variety Comparison of Plum Juices 
Variety Viscosity Soluble 
tenro. solids 
Acidity Color 
of sec¬ 
onds 
per 
cent 
pH ml.0.IN 
NaOH 
Albion 71 132 11.6 3.14 12.2 Dark reddish purple 
Burbank 71 83 8.7 3.00 16.2 Deep red 
Egg-yellow 72 90 18.1 2.81 47.4 Brownish yellow 
Santa Rosa 72 51 13.e 2.89 32.1 Bright red 
A Stark 
Seedling 72 39 12.5 3.00 22.0 Violet tinged red 
Red Raspberry 
The red raspberry juice was extracted by cooking the 
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fruit and draining the juice, first by gravity, then by 
centrifugal force as mentioned earlier* 
Red raspberry juice has higher quality than most 
fruit juices, whether dilute or concentrated by freezing. 
The concentrated Rewburg juice was not injured in flavor 
but showed considerable precipitate after standing for some 
time. This precipitate was readily dissolved when diluted. 
A granite pan exposed to the concentrate during a longer 
freezing period than recommended had the agate markedly 
etched. This juice could be concentrated to about half 
its original volume without serious loss of soluble solids. 
The flavor of the unconcentre ted juice is sufficiently 
strong to permit dilution for most uses. Its cost is high, 
making any loss expensive; therefore, concentration as a 
commercial practice cannot be widely recommended at this 
time* 
A comparison was made of the unconcentrated juices 
of eleven varieties grown at Massachusetts State College 
during the 1939 season. The results of these tests show 
(Table 9) that viscosity and titratable acidity vary over 
a relatively wide range, and that soluble solids, pH and 
color vary some. The data for one year indicated that a 
wider range of properties were available than is often recog¬ 
nized. The viscosity range indicated that for concentration 
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purposes a wide varietal difference may be expected. 
TABLE 9. - Variety Comparison of Raspberry Juices 
Variety . . 
Viscosity 
temp. 
Soluble 
solids Acidity 
Berry size 
av.wt. Color 
op 
sec¬ 
onds 
per 
cent pH 
ml.O.lN 
NaOH No. gms. 
Newberg 7* 39.5 8.7 2.93 28.7 228 2.3 Bright 
5286 71 40.0 8.7 3.10 31.7 155 2.7 Bluish 
5317 71 38.2 8.7 3.11 29.8 246 2.3 Dark 
8475 71 40.4 9.7 3.07 29.7 242 2.2 Deep dull 
Cuthbert 71 38*4 7.8 3.33 23.0 4I8 1.4 Very dark 
Marcy 71 39.2 8.8 3.10 34*2 158 3.4 Deep bright 
St. Regis 71 36.6 7.6 3.40 21 • 1 474 1.2 Deep 
Taylor 71 38.4 8.0 3.18 28.7 258 2.0 Dark 
Latham 71 38.6 7*3 3.18 23.6 270 2.0 Deep 
13377 71 42.1 9.1 3.28 25*6 253 2.1 Dark 
Chief 71 37*4 8.8 3.28 20*2 452 1.3 Deep bright 
Strawberry 
Strawberry juice was extracted by cooking and draining. 
Cooking was necessary to obtain the red color. 
This juice was the first one concentrated and the best 
procedure was not yet developed* Due to this, the loss by 
concentrating should be lower than that reported. This juice 
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could be concentrated to one-third its original volume and 
* 
maybe more without serious loss of soluble solids. The 
quality of the concentrated Howard 17 juice when diluted 
was not impaired. 
There were considerable variations between the un¬ 
concentrated juices of the different varieties'(Table 10) 
as to color, acidity, soluble solids concentration and vis- 
eosity* Therefore, a different variety may give different 
concentrating results. 
The strawberry is one of the low priced small fruits* 
Its soluble solids content is lower than most fruit juices 
and It can probably be concentrated more without injury than 
most others. This fruit matures at a different season than 
most other fruits. Concentration of strawberry juice under 
some circumstances may be found profitable. 
SUMMARY AND CONCLUSIONS 
A study was made of the development and pattern of 
Ice crystals In sugar solutions and fruit juices when fro¬ 
zen in various shaped containers* 
A method for concentrating fruit juices by freezing 
and centrifuging that seemed practical on a small scale was 
developed# 
A centrifuge was built for laboratory use to con- 
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TABLE 10. - Variety Comparison of Strawberry Juices 
Variety 
Viscosity 
temp. 
Soluble 
solids Acidity Color 
sec- per pH ml.O.lN 
onds cent NaOH 
Aberdeen 69 41 7.7 3.21 20.6 Bright red 
Chesapeake 70 43 8.7 3.45 18.0 Bright red 
Dorsett 69 43 9.2 3.40 19.0 Deep red 
Extra Late 69 38 6.4 3.32 19.2 Bright red 
Fairfax 70 40 10.2 3.50 14.5 Brownish red 
Gandy 69 42 8.3 3.14 21.8 Light red 
Howard 17 70 42 9.4 3.31 12.4 Medium red 
Joan 69 42 8.9 3.30 21.7 Bright red 
Pathfinder 70 43 9.3 3.12 18.7 Medium red 
Thompson *s 
Late 71 38 7.4 3.37 17.6 Brown 
World 
Wonder 69 40 9.4 3.30 18.8 Muddy red 
cm 69 38 7.6 3.40 16.5 Muddy brown 
0362 70 46 9.6 3.32 18.6 Bright red 
C373 70 42 7.6 3.27 21.8 Medium dark red 
C452 71 41 8.1 3.50 18.0 Dark red 
M39 68 42 7.9 3.47 16.7 Very dark red 
M43 71 42 7.8 3.39 16.6 Dark brick red 
Minn.1118 71 43 7.2 3.50 14.4 Dark red 
Minn. 1L42 71 39 7.0 3.28 14.9 Dark red 
Minn.1153 71 40 7.0 3.38 20.4 Dark brownish red 
Minn.1192 70 52 7.6 3.21 15.8 Dark red 
USDA 1021 71 52 9.0 3.43 18.4 Dark red 
USDA 1592 71 43 9.5 3*40 16.6 Light red 
USDA 1806 71 37 6*6 3.50 14.0 Dark red 
USDA 2110 71 43 11.2 3.74 17.0 Brown 
USDA 2127 71 45 8.7 3.51 17.1 Bright red 
USDA 2132 70 44 9.2 3.49 14.9 Dark red 
USDA 2230 69 42 8 *4 3.48 20.6 Deep red 
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centra te fruit juices. It could be used commercially 
without major alterations. 
Blueberry, cherry, currant, elderberry, peach, 
plum, red raspberry, strawberry, apple, cranberry and 
grape juices were concentrated to determine their suita¬ 
bility for such use. 
It was found that with fruit juices, the degree 
of concentration which could be accomplished by this 
method was limited more by the viscosity than by the total 
soluble solids of the juice. 
Comparisons vfere made of the juices of available 
varieties of blueberry, cherry, currant, elderberry, peach, 
plum, red raspberry and strawberry fruits. These show that 
enough variation existed between varieties that concentra¬ 
tion recommendations applicable to one may not apply to 
another. 
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